Hippocampal long-term potentiation (LTP) can be dissociated in early-LTP lasting 4-5 h and late-LTP with a duration of more than 8 h, the latter of which requires protein synthesis and heterosynaptic activity during its induction. Previous studies in vivo have shown that early-LTP in the dentate gyrus can protein synthesis-dependently be transformed (reinforced) into late-LTP by the association of arousing novel environmental stimuli. Here we show that consolidation of spatial memory also reinforces early-LTP in the dentate gyrus. Both memory consolidation and LTP-reinforcement depend on protein synthesis. Four groups of animals were trained by five, seven, eight or 10 trials, respectively, to recognize a fixed pattern of baited holes. The last trial was performed 15 min after tetanus. Errors of long-term reference memory during the last trial were significantly decreased only in the eight-and 10-trial experimental groups compared to pseudo-trained animals. In correlation to this learning effect we found a reinforcement of early-LTP only in these experimental groups compared to controls. The data suggest that the synthesis of new proteins required for spatial reference-memory formation also contributes to LTP maintenance in the hippocampal dentate gyrus.
Long-term potentiation (LTP), a widely studied cellular model for learning and memory formation, can-similar to memory forma tion (Flexner et al. 1965; Grecksch and Matthies 1980; Izquierdo et al. 2002) -be dissociated into an early phase and a late phase. We use the terms "early-LTP" for an initial phase of LTP with a 4-5-h duration that is protein synthesis-independent, and "late-LTP" for a late phase that protein synthesis-dependently maintains over more than 8 h. As pointed out by Kelleher III et al. (2004) , these temporal phases of LTP were initially described by Krug et al. (1984) and Frey et al. (1988) and were confirmed by others in vivo (Otani and Abraham 1989; Otani and Ben-Ari 1993) and in vitro (Huang et al. 1994) . It was shown that this kind of early-LTP is reinforceable in vivo; that is, it can protein synthesisdependently be transformed into late-LTP (Matthies et al. 1986) , by a temporal-related second heterosynaptic input (Seidenbecher et al. 1997; Frey et al. 2001; Straube et al. 2003b ). The induction of this form of LTP, in contrast to a short-term potentiation , sets a tag at the potentiated synapses that then can profit from plasticity-related proteins, the synthesis of which was induced by the modulatory heterosynaptic inputs. Thus, the processing of the newly synthesized plasticity-related proteins by the tagged synapses allows the transformation of early-LTP into late-LTP. This is essential for reinforcement processes. There is a large body of literature reporting that the maintenance of memories also requires heterosynaptic activation (for review, see Bailey et al. 2000) . Late-LTP is considered to be related to long-term memory, whereas early-LTP may represent short-term memory traces (Bach et al. 1999; Jones et al. 2001 ). Therefore we aimed at correlating consolidation processes on the behavioral level and the cellular level by learning-related induction of the abovedefined LTP. Although other forms of early-LTP with a faster decay than that used in this study have been described (Impey et al. 1996; Abel et al. 1997) , reinforcement of these forms of in vivo early-LTP has not been shown. Thus, we refer here to the terms of early-and late-LTP as described above.
Modulatory heterosynaptic inputs to the dentate gyrus (DG) in vivo can be provided by stimulation of brain regions involved in the processing of emotionally relevant information such as the basolateral amygdala (Frey et al. 2001; Almaguer-Melian et al. 2003) or the medial septum and by behaviorally relevant arousing new information of novel environments Straube et al. 2003a,b) . Reinforcement by novelty detection typically is a rapid process that occurs after a single exposure to the arousing situation, and can be blocked by a brief pre-exposure to the stimuli making them familiar (Straube et al. 2003a) . The term "emotional tagging" was introduced to characterize this form of LTP-reinforcement related to the rapid consolidation of relevant new information (Richter-Levin and Akirav 2003) . It was suggested that the main modulatory input for emotional reinforcement is of noradrenergic nature (Seidenbecher et al. 1997; Straube et al. 2003b) . A protein synthesis-dependent role of glucocorticoids in reinforcement of DG-LTP by activation of the corticosterone-binding mineralocorticoid receptor (that acts as a transcription factor) after a brief stressful event was also found .
In this study, we addressed whether learning of complex spatial tasks can also reinforce hippocampal early-LTP which then could be considered as "cognitive reinforcement," in contrast to "emotional reinforcement." The strength of the heterosynaptic input triggered by holeboard learning can be regulated by the intensity of training or the complexity of the task in order to induce acquisition-related processes or consolidation of spatial memories. The absence or the occurrence of reinforcement during different stages of learning should then indicate the synthesis of proteins being related to both specific memories and the maintenance of LTP, thus providing evidence for consolidation on the behavioral and the cellular level. We chose a holeboard paradigm for spatial learning in which the transient working memory and the lasting reference memory can be evaluated in parallel and be related to LTP. Additionally, by using a holeboard with a sufficient amount of holes, the complexity of the task can be effec-tively fine-tuned by using a wide range of simple to very complex patterns of baited holes. In future studies, this model can be used for the identification of proteins critically involved in learning and plasticity.
Results
The regular distribution of holes within the board along with unspecific explorative activity of the rats causes random hole visits and inspections that are not related to spatial learning. To discriminate between random reference and working errors made during exploration of the board from those made during the task acquisition, a group of animals were pseudo-trained during 10 trials; i.e., the pattern of baited holes was changed after each trial. Thus, the pseudo-trained group served as a control for random errors, and all experimental groups were compared to this group. The experimental 10-trial group showed significantly decreased latencies compared to pseudo-trained rats from Trial 8 on ( Fig.  1A , P < 0.01, each) and fewer reference-memory errors during Trial 10 ( Fig. 1B , P < 0.001), but did not differ in workingmemory errors (P > 0.05, each). The comparison of the last trial between experimental and control groups (Fig. 2 ) revealed a significant difference in latencies (F (5,48) = 56.59, P < 0.001) and in reference-memory errors (F (5,48) = 9.02, P < 0.001) but not in working-memory errors (F (5,48) = 1.93, P > 0.1). Post hoc tests against pseudo-trained animals revealed reduced referencememory errors only for the eight-(P = 0.001) and 10-trial (P < 0.001) experimental groups, and for the seven-, eight-and 10-trial experimental groups significantly decreased latencies (P < 0.001, each). Between the two latter experimental groups we found no difference in either of the measured behavioral parameters (P > 0.1, each).
Early LTP was induced 15 min before starting the last holeboard trial for the different groups, in order to test whether the different stages of task acquisition and memory formation indicated in the behavioral parameters have different impacts on the maintenance of LTP. We found an overall difference in LTP between groups (F (9,80) = 11.73, P < 0.001), with enhanced population spike amplitudes at 24 h only for the eight-(P < 0.001) and 10-trial (P = 0.001) experimental animals compared to chamber controls (Fig. 3A) . Thus, the analysis of LTP time courses revealed a reinforcement of early-LTP only in those groups that showed significantly reduced reference-memory errors compared to pseudo-trained animals. In contrast, significantly reduced latencies alone with still increased reference errors as shown by the seven-trial experimental group, do not correlate with maintained LTP. Interestingly, the pseudo-trained animals that could not form a reference memory, in terms of pattern recognition, showed not only no reinforcement but a depotentiation (Fig. 3B) as indicated by significantly reduced population-spike amplitude (PSA) compared to chamber controls (P = 0.012). Because the animals were food-deprived shortly before and during the experiments, food consumption in the holeboard could have a rewarding effect. Water consumption after water deprivation has been found to reinforce DG-LTP (Seidenbecher et al. 1997) . Therefore, to test whether a possible food reward may interfere with learning and memory effects on hippocampal LTP, we employed the food control group. In these animals we noted no reinforcement but a slight, not significant (P > 0.05) decrease of PSA 2 h after holeboard exposure (Fig. 3B) . Another possible interfering variable is the detection of novelty that has been shown to reinforce DG-LTP Straube et al. 2003a) . Such an effect was not found in the present study, as indicated by the novelty group showing no difference compared to chamber controls (P > 0.1). Due to the different training protocols, experimental animals that received higher numbers of trials possibly are better habituated to the experimental procedure at the timepoint of tetanization compared to the animals that experienced only a few trials. This difference could result in different stress responses to the transference to the holeboard, and that in turn could have different modulatory effects on LTP-maintenance. To test for this, we measured the serum corticosterone levels of animals that were holeboard naive (novelty group) or that received 10 training trials, respectively, compared to food deprived and non-deprived untreated animals (Fig. 4) . We found significant differences between groups (F (3,26) = 17.89, P < 0.001) with increased titers of both experimental groups compared to controls (novelty group, P = 0.007; 10-trial group, P = 0.004) but no difference between the experimental groups (P > 0.8). Food deprivation alone elevates the serum corticosterone levels, as indicated by the increased titers of the deprived animals compared to the nondeprived rats (P = 0.002).
To test the hypothesis formulated above, that is, that the occurrence of reinforcement during the formation of specific memories indicates the synthesis of new proteins related to both memory formation and the maintenance of LTP, we blocked protein synthesis during training. In a 10-trial experiment, anisomycin, a reversible translation inhibitor, was applied before the second training session, which is critical for pattern recognition as indicated by the learning curve of the former experiments (Figs. 1, 2). In addition, applying the drug 24 h before tetanization should avoid drug-specific effects which may mask learning-specific modulations on the induction and maintenance of LTP. As indicated in Fig- ure 5, we found no reinforcement of early-LTP in drug-treated rats compared to rats treated with saline (P < 0.001). Animals that received anisomycin needed longer times to find all pellets from the eighth trial on compared to controls (P < 0.001 each; Fig. 5B ) or did not find all pellets. Additionally, anisomycin-treated animals made more reference-memory errors during the tenth trial (P < 0.001; saline controls. In no case was a difference in working-memory errors between experimental and control groups noted (P > 0.1, each).
Discussion
We found a protein synthesis-dependent reinforcement of early LTP only in animals that also exhibited significant improvements in the number of reference-memory errors but not in working-memory errors (cf. Jaffard et al. 1996; Kikusui et al. 2000) . The dissociation between working-and reference-memory error performance can be explained by the simple spatial pattern with only a few baited holes in a line. This lowers the probability of making working-memory errors. The last parameter indicates differences in short-term memory, since the reference situation for this kind of error changes from trial to trial. In contrast, reference-memory errors reflect long-lasting spatial memory, because the reference frame remains stable over trials. This suggests that late-DG-LTP and cellular/molecular mechanisms involved in memory formation may share some common features (cf. Jones et al. 2001 ).
Similarities and differences to other studies
The results from studies that aimed to relate spatial cognition in different learning paradigms to LTP in CA1 or DG of the hippocampus are contradictory (Jeffery 1997) . Saucier and Cain (1995) noted normal spatial learning in the water maze in nonspatially pre-trained rats despite blockade of NMDAR-dependent DG-LTP, whereas others provided evidence that spatial learning is correlated with hippocampal LTP (Richter-Levin et al. 1994; Bach et al. 1999; Schulz et al. 2002) . In addition, there is evidence that long-term depression (LTD) is related to learning and memory (Braunewell and Manahan-Vaughan 2001; Nakao et al. 2002; Kemp and Manahan-Vaughan 2004) . On the molecular level there are also some parallel findings during LTP and spatial training. Gooney et al. (2002) found increased phosphorylation of the tyrosine kinase receptor TrkB and mitogen-activated protein kinase ERK in the DG of rats during both sustained LTP and spatial training in a water maze. Induction of late-LTP in the DG evokes a biphasic response in CREB phosphorylation in rats (Schulz et al. 1999 ) that is very similar to that evoked after high stress induced by forced swimming (Bilang-Bleuel et al. 2002) . Our control groups addressed confounding factors that are known to be involved in the reinforcement of early-DG-LTP. A brain temperature effect on field potentials due to increased activity, as reported by Moser et al. (1994) can be ruled out, because the pseudo-trained animals showed no difference in their overall activity compared to experimental animals, as indicated by the total number of hole visits. A reinforcing effect of novelty detection (Kitchigina et al. 1997 ) and actual or anticipated food reward that has been found in water-deprived rats after water supply (Seidenbecher et al. 1997 ) can be ruled out by our novelty and food control groups, showing no difference compared to the chamber control group. This is in seeming contrast to our earlier studies (Straube et al. 2003a,b) reporting that novelty-exposure reinforces early-LTP. However, reinforcement was strongly time-dependent, so that we found no effect on early-LTP when a novel environment was explored 15 min after tetanus (the time window we used during the present study). Besides this there are several other fundamental differences between the former and the present studies: First, in the earlier studies the animals were allowed to explore a novel environment voluntarily, whereas in this study the animals were transferred to the holeboard by hand. Brief handling has been shown to depotentiate an induced early-LTP , so that at best a reversal of depotentiation was induced by the holeboard experience. Second, in contrast to the former studies, animals in the present study were food-deprived, which results in chronically elevated circulating corticosterone titers (cf. Kiss et al. 1994; Heiderstadt et al. 2000; Jurcovicova et al. 2001 ). The last fact at the same time makes the present study not comparable to another study ) in which we reported a reinforcement of LTP by brief acute swim stress 15 min after tetanus. This reinforcement was dependent on the activation of mineralocorticoid receptors (MRs) by binding of corticosterone. Chronically elevated corticosterone levels, however, have a Hippocampal LTP is reinforced by holeboard learning. Early LTP is reinforced after eightand 10-trial training only (A), indicated by significantly increased population spike amplitudes (PSAs) at the 24-h timepoint compared to chamber controls. Food reward and novelty perception had no effect on early-LTP, whereas pseudo-training induced depotentiation (B). Ordinates give the PSAs as percent change from baseline. Representative analog traces of PSAs are given for baseline recordings, the 8-h and 24-h timepoints for individual animals of the different groups (C). Horizontal broken lines indicate baseline. Data are means ‫ע‬ s.e.m.
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www.learnmem.org strong impact on the regulation of MRs as well as glucocorticoid receptor densities and other cellular processes (Duffy et al. 2001; Meyer et al. 2001; Sebaai et al. 2001; Karandrea et al. 2002; Hugin-Flores et al. 2004; Shors 2004) . Thus, even the chamber control animals in this study are different in their stress and cellular status compared to control animals used in the previous studies. In addition, a brief pre-exposure to the stressful stimuli in the swim stress experiments blocked the reinforcement of early-LTP despite similar corticosterone levels . Nevertheless, a modulation of DG-LTP by stress in the present study is unlikely, because we found no differences in serum corticosterone levels between experimental groups, but, due to the increase in corticosterone titers in response to the holeboard transfer, an effect cannot completely be ruled out.
Reference memory and LTP reinforcement
As pointed out, long-term memory requires the synthesis of new macromolecules. It has been shown that memory consolidation depends on heterosynaptic activation that induces protein synthesis: noradrenergic (Przybyslawski et al. 1999; Tronel et al. 2004) , dopaminergic, serotonergic, and cholinergic (Castellano et al. 1999; Barros et al. 2001; Phillips et al. 2004 ). This corresponds to the view that associative processes are required for the maintenance of hippocampal LTP. Different heterosynaptic inputs, such as noradrenergic (Frey et al. 2001 Straube et al. 2003b) , dopaminergic (Manahan-Vaughan and Kulla 2003), or serotonergic (Kulla and Manahan-Vaughan 2002) have been found to modulate hippocampal DG-LTP and depotentiation. In the present study, a heterosynaptic input may be activated by the rapid consolidation of spatial memory during or after Trial 8, inducing the synthesis of plasticity-related proteins, which then leads to a transformation of the time-related electrically induced early-LTP into a late-LTP in another synaptic input. Future studies will be conducted to test this hypothesis by applying specific receptor inhibitors during training. Thus, the modulatory input involved in cognitive LTP reinforcement remains to be identified, but it has been pointed out that different inputs are probably related to different types of information processing and memory formation (Murchison et al. 2004 ; for an overview see Myhrer 2003) . Although dependent on protein synthesis, decreased latencies alone with still elevated levels of referencememory errors are insufficient to reinforce early-LTP, in contrast to the establishment of correct spatial relations indicated by decreased reference-memory errors. This suggests a specific heterosynaptic activation related to the formation of reference memory and to LTP reinforcement.
Here, the pseudo-trained animals were unable to establish and consolidate a reference memory throughout the training, in contrast to the animals trained on a fixed pattern of pellets. Consequently, the pseudo-trained group showed no reinforcement of hippocampal LTP. Surprisingly, we noted not only no reinforcement but a depotentiation, a reversal of LTP that is comparable to that which we observed in animals that were only handled and then transferred back to the recording chamber . Processes of depotentiation and LTP decay (Doyère et al. 1997; Villarreal et al. 2001; Manahan-Vaughan and Kulla 2003; Woo and Nguyen 2003) as well as that of erasing spatial memories (Villarreal et al. 2001 ) are regarded as active processes rather than a passive run-down of maintaining mechanisms. Therefore, in our study depotentiation may reflect an adjustment to avoid the storage of behaviorally irrelevant information within hippocampal neuronal circuits (Rosenzweig et al. 2002) . Contextdependent modulation of LTP, reinforcement or depotentiation, may serve as a general active mechanism for the specific selection of memories to be consolidated (Doyère et al. 1995; Morris and Frey 1997; Kentros et al. 2004) . (A); the insets show representative analog traces of PSAs at indicated timepoints for an anisomycin-treated (left) and a saline-treated (right) animal. Ordinate gives the PSAs as percent change from baseline. The aquisition of the task is unaffected as indicated by longer latencies in anisomycin-treated rats compared to controls only during the eighth to tenth trials (B). The consolidation of reference memory was affected in drug-treated rats, as indicated by increased reference-memory errors (C, upper) during the tenth trial compared to controls. The groups showed no differences in working-memory errors (C, lower). Abscissas in B and C give the number of trials during each experimental day. Arrows indicate the time of drug injection or tetanization, respectively. *: Significant differences after Bonferroni correction.
Consolidation or reconsolidation of spatial memory?
Reconsolidation, a new consolidation of memories during their retrieval (Sara 2000) that has been shown to be protein synthesisdependent (Litvin and Anokhin 1999; Nader et al. 2000; Debiec et al. 2002) , may also have played a role in the present study, in two ways: (1) reconsolidation of long-term memories formed during the first day of training could be prevented by the application of anisomycin before the second training; and (2) reconsolidation of long-term memories formed during the second training session rather than consolidation of newly formed memories during the last training reinforces hippocampal LTP. That hippocampus-independent memories again become hippocampus-dependent by their reactivation has been shown by Debiec et al. (2002) . It cannot be concluded from the present data whether the reinforcement is driven by consolidation, reconsolidation, or both processes.
Our data show that rat hippocampal DG-early-LTP can be reinforced into late-LTP by their learning with a holeboard, and that this effect is protein synthesis-dependent. To verify the specific effect of a spatial component of cognition or other related learning processes, future experiments will be conducted to verify the current findings using different spatial learning paradigms, e.g., the water maze.
Materials and Methods
All experiments were carried out according to the national animal care guidelines and with permission of the regional council of Saxony-Anhalt. Male Wistar rats (8-wk-old) from the breeding colony of the institute were kept under a 12 h/12 h light regimen with lights on at 7:00 in standard cages (40 cm ‫ן‬ 25 cm ‫ן‬ 18 cm), the ground covered with commercial bedding material (ssniff, wood spans). The animals were fed with food pellets (ssniff, R/M-H, Soest); tap water was given ad libitum.
Surgery and electrophysiological recording
Rats were anesthetized with Nembutal (40 mg/kg, i.p.). A monopolar recording electrode (insulated stainless steel, 125 µm dia) was implanted stereotaxically into the hilus (coordinates: AP ‫,8.2מ‬ L 1.8 from bregma, 3.2-3.5 ventral from dura) of the dentate gyrus (DG); a bipolar stimulation electrode was implanted into the medial perforant path (AP ‫,9.6מ‬ L 4.1, 2.2-2.5 ventral from dura), and in pharmacologically treated rats, a cannula (coordinates AP ‫,8.0מ‬ L 1.6 from bregma) was implanted into the lateral ventricle of the right hemisphere. During preparation, the placement of electrodes was adjusted to get maximal populationspike amplitudes (PSA) for a given test pulse intensity (0.4 mA; A-M Systems, Isolated Pulse Stimulator, Model 2100). The animals were allowed at least 1 wk to recover from surgery.
Connecting the electrodes to a swivel by a flexible cable allowed the rats to move freely in a recording box (40 cm ‫ן‬ 40 cm ‫ן‬ 40 cm). The responses were amplified (differential amplifier, Inh, Science Products, Hochheim) transformed by an analog/digital interface (CED 1401+, Cambridge Electronic Design) and stored on a PC. An input/ output curve was performed 16-17 h before tetanus by recording the average of three stimuli with an intensity of 0.1-0.8 mA in steps of 0.1 mA. Biphasic constant current pulses (0.1 msec per half-wave) were applied to the perforant path in order to evoke DG field potentials of about 40% of the maximum PSA. After recording a stable baseline for 1 h (every 15 min), early-LTP was induced by weak tetanic bursts (three bursts of 15 pulses of 200 Hz with 0.1 msec duration of each stimulus and 10-sec interburst interval) at the same stimulus intensity as used for the test stimuli (0.2-0.4 mA). Initially, after 2 min and then every 15 min after tetanization, five test stimuli (10-sec interpulse intervals) were applied, and the mean values of field potentials were stored for 8 h. For analysis and presentation, 1-h values were averaged over every four 15-min values. The next day, four 15-min values were averaged for a 24-h value. The 2-min value controlled for the achievement of a sufficient initial potentiation.
Holeboard apparatus and procedure
The test apparatus consisted of a black board (1 m ‫ן‬ 1 m) with 36 regularly arranged holes (6 cm dia, 8 cm deep) and transparent 27-cm-high Plexiglas walls around it. (COGITAT by Cognitron). Distal visual cues consisted of equipment; additional cues were fixed on the outside of the Plexiglas walls. The holes were equipped with photo beams at the surface, in the middle, and on the ground and were baited with standard food pellets (dustless precision pellets, 45 mg, BioServ). Signals of the photo beams were registered, counted, and stored on a PC by RatMemory V2.4 software (Heim et al. 2002) .
During experiments, animals were transferred into a start box in the holeboard room. The box was opened and the animal entered the test arena. Breakings of the surface beams were registered as "inspections"; breaking of the beams in the middle of the holes as "visits." Removal of the pellets from the ground was registered as "findings." A trial was automatically stopped after 2 min or when the animal had found all pellets. The time to find all pellets (latencies), the working-memory errors (inspecting or visiting a hole that has been baited but that was already inspected or visited and the pellet picked up during a specific trial), and the reference-memory errors (inspecting or visiting a hole that was unbaited) were counted. After each trial the animal was taken back to the recording chambers. The board was cleaned with acetic acid (3%) after each block of trials and after an individual trial if an animal urinated or defecated during that trial, to eliminate olfactory cues. The holeboard was not cleaned after every trial, in order to elude avoidance reactions and conditioning of the animals to the smell of acetic acid. Beneath the holeboard there was a second board on which food pellets were scattered randomly to avoid odor information from baited holes.
A total of 90 animals with electrode implantations were used. Four groups of animals received a spatial training on a fixed pattern of baited holes (five holes out of 36, Fig. 1A ) of five (n = 12), seven (n = 9), eight (n = 9), and 10 trials (n = 9), respectively with 15-min intertrial intervals, following the experimental protocol given in Figure 6 .
Four groups of animals served as controls: (1) Animals that remained in the recording chamber throughout the experiment (chamber control, n = 12); (2) animals that were exposed to the holeboard the very first time (novelty control, n = 7); (3) animals Figure 6 . Experimental procedure. The animals were food-deprived over 3 d to reach 85% of the initial body weight. On day 4, the animals were transferred to the recording chamber located in a different laboratory room. Fifteen min after weak tetanization (weak tet), the animals received the last holeboard trial and afterwards were transferred back to the recording chamber. LTP was registered for 8 h. On the following day, a 24-h value was recorded. I/O: Input-output curves. The box at the top indicates the time the animals spent in their home cages in the keeping room, and in the recording chamber.
pre-trained by nine trials with changing patterns of baited holes after each trial (pseudo-trained control, n = 8); and (4) animals transferred 10 times to the board where food pellets were provided without spatial training (food control, n = 6). Tetanization took place 15 min before the last transfer to the holeboard (between 8:00 a.m. and 9:30 a.m. to consider the diurnal rhythm of corticosterone titers). During training and testing, animal's access to water was ad libitum. Two food pellets/day were provided at random timepoints to avoid anticipation, but with enough time (several hours) between the delivery of food pellets and training to avoid effects on the motivation for food searching in the holeboard.
Hormone analysis
For the analysis of the hormonal status under the different experimental conditions, we used sets of animals that did not undergo an operation but experienced the same treatment as those rats with electrode implantations. We used holeboard-naive animals (novelty group, n = 8) that were exposed to the holeboard for 2 min and another group (n = 8) that experienced a 10-trial training on a fixed pattern of pellets. These rats were decapitated within 10 sec, 15 min after behavioral manipulations, and trunk blood was sampled in Eppendorf tubes and allowed to coagulate on ice. The blood was then centrifuged and the serum was stored at ‫°02מ‬C. Samples were analyzed by radioimmunoassay. Fooddeprived (n = 8) and nondeprived (n = 6) animals that remained in the recording box served as control groups. Blood sampling always took place between 10:00 a.m. and 11:00 a.m. to avoid interference with the diurnal rhythm of corticosterone.
Pharmacology
Anisomycin (Sigma), a reversible translation inhibitor, was applied at a dose that has been shown not to affect early-LTP (240 µg i.c.v., 5 µL over a 5-min period; Straube et al. 2003b) . Two groups of animals (n = 9 each) that underwent treatment identical to that of the 10-trial experimental group were injected with anisomycin or with saline (i.c.v.) 1 h before starting the second training session, (i.e., before Trial 6) and received a weak tetanus before Trial 10.
Statistics
The general linear model for repeated measures was used for group comparisons in LTP, and one-way ANOVA was used for comparisons of behavior and hormones (Dunnett's T-test as post hoc test for pairwise comparisons). Differences in behavior for individual trials between experimental and pseudo-trained animals were tested with Mann-Whitney U-tests (P-values were corrected with the Bonferroni procedure). All tests were two-tailed, and the level of significance was set at P Յ 0.05. In all figures the means and standard error of the mean (s.e.m.) are given.
